(MHP) and more polar secondary oxidation products (SP) formed by autoxidation of methyl linolenate were separated by high performance liquid chromatography (HPLC)
Introduction
The thiobarbituric acid (TBA) test has been frequently used to measure not only oxidative rancidity in edible oils and oil-containing foods but also peroxides which causes physiological damage in living organisms. A strong absorption at 532 nm generated in the test was estimated to be due' to adduct of the one molecule of malonaldehyde (MA) with two molecules of TBA''.
However, MA in the free state does not appear to be present in large amounts in autoxidized lipids. Rather it seems to exist in a weakly bound state which is released when the system is heated with mild acid''"9'.
Dahle et al. 2 ' postulated that a five-memberv ed monocyclic peroxide generated from peroxy radicals having a double bond fl--r to the carbon is the nonvolatile MA precursor of polyunsatu rated fatty acids. Pryor et al. 2' } 4' proposed that prostaglandin-like endoperoxides were formed by autoxidation of methyl linolenate, and that MA arised from the acid-catalyzed or thermal decomposition of the endoperoxides under TBA assay condition. Furthermore, Porter et al.5' showed that acyclic hydroperoxides derived from enzymatic peroxidation of cis-6, cis-9, cis-l2-octadecatrienoic (-linolenic) acid also gave a positive TBA test. Attempts were made to adopt the TBA test for the determination of hydroperoxides in oxidized lipids6''''. It is well known that allylic hydroperoxides of polyunc saturated fatty acid consist of several isomers. It was proved that monohydroperoxides (MHP) consisting of the 9-, 12-, 13-and 16-positional isomers and more polar secondary oxidation products (SP) are present in autoxidized methyl linolenate'.
Recently, Frankel et al.9 ' analyzed the autoxidation products of methyl linolenate by gas chromatography-mass spectrometry (GC-MS) and determined the isomeric composition of MHP by mass chromatographic method.
Chan and Levett' °' showed that methyl by droxylinolenate obtained by reduction of MHP was separated by high performance liquid chro matography (HPLC) into individual isomers.
The purpose of this work is to clarify the relationship between the isomeric compositions of MHP and their reactivities to TBA test. MHP and SP prepared from autoxidized methyl linolenate were separated directly by HPLC into several components. The reactivities of the components to TBA and their isomeric compositions were measured. were detected under ultraviolet light. Unoxidized methyl linolenate (R f 0.64) and minor products (R f 00.24) were also present in the oxidized methyl linoly enate. The bands for MHP and SP were scraped off and then extracted with chloroform and methanol (2: 1, by vol). Infrared spectra were taken in a sodium chloride cell with a Hitachi model 285 spectrophotometer.
2.2 HPLC HPLC was carried out on a column (250 x 4 mm) of Zorbax SIL (Du Pont), which is a silica gel powder with a 5 ,um particle size, with Shimadzu-Du Pont liquid chromatography LC 2. Shimadzu UVD-2 variable length UV detector was used to monitor the effluent at 235 nm. Solvent flow was maintained at 1.0 ml/ min, and eluting solvent consisted of 1.0% 2-propanol in hexane. For the isolation of each component of MHP and SP, 200 ~cl of each fraction prepared by TLC was injected. Subv fractions obtained were dissolved in ethanol and divided into two parts. One was subjected to GC-MS analysis and the other was used for the TBA reaction.
GC-Ms
Subf ractions from HPLC were hydrogenated with palladium on carbon and silylated by hexamethyldisilazane and trimethylchlorosilane in pyridine solution (Tokyo Kasei). GC-MS was carried out with a LKB-9000 S equipped with an OKITAC computer. Operational cony ditions were described previously"'.
Full mass scan was recorded every 5 s from m/e 30 to 400. Isomeric composition was calculated by the computer summation of the intensities of a pair of fragment ions which were specific for the c-cleavage of the trimethylsilyloxy group of each positional isomer of monohydroxyoctadecc anoate formed by the hydrogenation of MHP''.
TBA reaction
The subfraction, 1 ml of ethanol solution (0.1 0.4 ,imol), was added to a screw cap test tube. Then, 1 ml of 0.67% TBA containing 0.80 of iron (II) sulfate and 2 ml of 200 trichloroacetic acid were added to the solution. The mixture was heated in a boiling water bath for 30 min. Absorbance at 532 nm was measured after appropriate dilution. The TBA value was determined by using a standard curve of tetraethoxypropane'".
Quantities of the sam ple were calculated on the basis of a molar absorptivity of 24, 600 due to the conjugated diene".
Results
3.1 Characterization of MHP and SP MHP and SP fractions obtained from prepay rative TLC had absorption maxima at 232 and 235 nm, respectively. Therefore, it was evident that both fractions contained conjugated diene in their structures.
The two fractions had almost the same infrared spectra in which absorption at the vicinity of 3, 400 cm-' due to the hydroperoxyl group'" appeared. GC-MS data of MHP and SP were in agreement with the results of Frankel et al.". Therefore, MHP consisted of the 9-, 12-, 13-, and 16-isomers. The products of hydrogenation of SP included 9, 10, 12-trihydroxyoctadecanoate and 13, 15, 16-trihydroxyoctadecanoate.
3.2 Separation of MHP and SP compo nents by HPLC The elution pattern of MHP on HPLC is shown in Fig.-1 .
Four main components (MHP-1 '4) were fractionated and analyzed by GC-MS after hydrogenation and silylation. After hydrogenation, the components SP-1 and SP-4 were attributed to pure 9, 10, 12-tri=-hydroxyoctadecanoate and 13, 15, 16-trihydroxyc octadecanoate, respectively".
Both SP-2 and SP-3 seemed to be mixtures of the two trihyc droxyoctadecanoate isomers.
3.3 TBA reaction with the components of MHP and SP Each component (MHP-1'4, SP-1'--4) was subjected to the TBA test with and without the addition of iron (II) sulfate (Table-2 isomers would be separated into two components on HPLC because of the difference of this geometrical configuration (13-isomer : MHP-1 and MHP-3, 16-isomer : MHP-2 and MHP-3). However, cis-trans and trans-trans isomers for the 9-and 12-isomers are not separated by HPLC. It has been suggested'" that the strut ture of SP is a hydroperoxide containing sixmembered cyclic peroxide group'" or fivemembered cyclic peroxide group".
The amounts obtained from HPLC were too small to treat the TBA value statistically. However, all components of MHP and SP were shown to be positive to TBA test (Table-2 ). It is possible that decomposition of cyclic pert oxides produces MA in the test reaction". Therefore, each component of SP is expected to produce MA. Porter et a1." reported that acyclic hydroperoxides also decomposed to pro dace cyclic peroxide species which were respon= sible for coloring with TBA under assay conditions. It was previously reported that iron ion affected the TBA assay of oxidized lipids 15,,16) , Iron (H) ion catalyzed the decomposition of hydroperoxides to yield peroxyl and alkoxyl radicals"'.
Therefore, the addition of iron (H) ion seems to accelerate the thermal decomposition of hydroperoxyl group in the test reaction. Table-2 shows that the four components of MHP with different isomeric composition gave almost equal TBA values by the addition of iron (H) ion, although the TBA test without iron (H) ion yielded some variation between different com ponents of MHP. It has been assumed that only p-r unsaturated peroxyl radical formed from the 12-and 13-isomers in MHP can be precursors of the cyclic peroxide and MA under assay conditions ' 4) Accordingly, it seems likely that 9-and 16-MHP isomers which have no double bonds at j9-r to the carbon (8, 9) cannot yield the cyclic peroxide and MA during the TBA test reaction. However, Table-2 shows that each MHP isomer is possible to yield TBA reactant mate rials in the test reaction. This contradiction may be explained by two hypotheses. One is that MHP causes isomerization with migration of molecular oxygen to produce peroxyl radicals capable of forming cyclic peroxides in the test reaction. The other more likely one is that acyclic peroxyl radical or alkoxyl radical is also able to be the precursors of TBA reacting materials.
Taufel and Zimmermann'", and Marcuse and Johansson'" showed that 2, 4-alkadienal and 2-alkenal in oxidized lipids also reacted with TBA to produce the red pigment. Lillard and Day'", and Patton2" suggested that MA could be formed through degradation of a certain monocarbonyl such as alkadienal. MHP are well known to form these monocarbonyls by scission of their alkoxyl radicals'". Therev fore, scission products from each MHP isomer may contribute to TBA reaction of MHP. Difference of the TBA value between MHP and SP is explained by the occurrence of chain scission at peroxyl and alkoxyl radicals.
These results shows that each MHP isomer of methyl linolenate is capable of producing TBA reactant materials.
Enhancement of the coloring with TBA by the addition of iron (H) ion suggests that TBA value of oxidized lipids is dependent on the degree of decomposision of hydroperoxyl group in the assay. Thus, TBA value varies greatly with the conditions of the test reaction, when the test is used for deterv mination of lipid peroxides.
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